In order to investigate the applicability of phosphogypsum in the ternary system Portland cement-Slag-Phosphogypsum, different treatment methods and dosages of phosphogypsum were studied. The results show that phosphogypsum can be used to prepare supersulphated cement. Phosphogypsum treated with 500°C will reduce the water absorption and softening coefficient. But the compressive strength is lower than other two treatment methods. The best addition of anhydrous phosphogypsum is 10-30% in the ternary system Portland cement-Slag-Phosphogypsum.
INTRODUCTION
Compared with other building materials, concrete has lower physical and chemical energy consumption and carbon emissions. However, due to the huge amount of concrete pouring each year, the physical and chemical energy consumption and carbon emissions of concrete are huge. According to statistics, 5% of the global total carbon emissions come from the concrete industry, and 90% of the physical and chemical energy consumption and carbon emissions in the concrete industry are caused by the use of Portland cement [1, 2] . Therefore, low carbon cementitious materials are beginning to be sought. 1 Yaning Kong, China West Construction Group Co. Ltd., Chengdu, China Shuo Wang, China West Construction Group Co. Ltd., Chengdu, China Supersulphated cement (SSC), also known as gypsum slag cement, is a kind of low clinker or no clinker cement with granulated blast furnace slag as main raw material, and gypsum as sulfate activator and clinker or lime as alkaline activator. The proportion of SSC is usually 75-85% slag, 10-20% sulphate (such as dihydrate gypsum, anhydrous gypsum, etc.) and 1-5% alkaline component (such as clinker, calcium hydroxide, etc.). The cement has simple production process, low cost, can make full use of industrial slag, belongs to energy-saving cement, and has good performance, good durability, low hydration heat, low production energy consumption, attracting many experts and scholars at home and abroad to study it. The cement has simple production process, low cost, and can make full use of industrial slag, which belongs to energy saving cement. And it has good performance, good durability, low hydration heat and low energy consumption. These characteristics attract many experts and scholars at home and abroad to study.
Unlike alkali activated cementitious materials, SSC is not the higher the basicity, the better the performance. The performance of super sulphate cement does not increase with the increase of alkalinity. This is due to that when the content of CaO in the liquid phase is high, low sulphate type calcium sulphoaluminate is formed. In the later stage, due to the decrease of CaO in the liquid phase, the low sulphate type calcium sulphoaluminate was changed to high sulphate calcium sulphoaluminate, which is easy to cause expansion stress and hardened structure damage, so that decreasing the strength [3] . Too high alkalinity will also reduce the formation speed of calcium sulphoaluminate [4] . This is the another reason for the compressive strength decreases of SSC. But in the actual use process, the cement content will be slightly increased to improve the properties of gypsum slag cement, such as easy sand, easy weathering, and poor air stability and so on. Even when exposed to Portland cement in a humid environment, it will not cause damage [4] .
Industrial by-product gypsum is one of the bulk solid wastes in Southwest China. In 2017, Sichuan province produced about 18 million tons of by-product gypsum, of which phosphogypsum was about 10 million tons. Due to technical constraints, the utilization of industrial by-product gypsum is limited, most of which are disposed by stacking, occupying a large amount of land, causing serious environmental pollution and waste of resources. The stockpiling of slag in Sichuan Province is also huge. The pollution of phosphorus slag in Mianzhu, Sichuan Province has even attracted the attention of the government. Therefore, the comprehensive utilization of gypsum and slag in Sichuan's industry should be solved. Therefore, the preparation of supersulphated cement from phosphogypsum, slag and ordinary Portland cement is of great strategic significance under the current resource situation. However, the SSC still cannot consume large amounts of phosphogypsum, so in this paper, the effect of gypsum content on the Portland cement-slag-Phosphogypsum composites was also studied.
MATERIALSAND METHODS

Materials
Portland cement complied with GB 175-2007 was used. The water cooled blast furnace slag was ground into two kinds of fineness. In order to remove PO43-and F-in phosphogypsum, the raw phosphogypsum was treated with three methods: calcination at 165°C (G1), neutralization with 5% lime and then calcination at °C (G2), and neutralization with 5% lime and then calcination at 500°C (G3). The chemical compositions of phosphogypsum and slag are listed in Table 1 and the physical properties are listed in Tables 2 and 3 . 
Mix Design and Testing
The mix design of SSC is listed in Table 4 . In this study, the effect of treatment of phosphogypsum, the fineness of slag and the content of gypsum were investigated. The powders were mixed evenly to make SSC. Then it was used for setting time, standard consistency and soundness tests according to the GB/T 1346-2011. Mortar prepared with SSC according to the GB/T 17671-1999 was used for the compressive strength test. The water to binder ratio is 0.5 and the sand to binder ratio is 3. The fluidity of mortar was tested according to GB/T 2419-2005. After mixing, the samples were cured at 20°C with relative humidity higher 90% for 2 days. Then the samples were demoulded and cured at the same condition to the specific ages. JGJ 253-2001 was used for the water absorption and softening coefficient tests of mortar. 
RESULTSANDDISCUSSION Setting Time, Standard Consistency and Soundness of Ssc
The setting time, standard consistency and soundness of SSC are listed in Table  5 . It can be seen from Table 5 that the density of fresh paste of ternary system is lighter than that of Portland cement. Treatment methods of phosphogypsum have little effect on the fresh density, but the fineness of slag plays an important role on it. With the specific surface area increase, the density will increase first then decrease. With the increase of phosphogypsum increase the density of fresh paste decreases. This is attributed to the low density of phosphogypsum.
Table 5 also shows that the standard consistency of ternary system is larger than Portland cement. This is because the phosphogypsum needs more water, especially the hemihydrate phosphogypsum. With the increase of fineness of slag, more water is need, leading to the increase of standard consistency when the specific surface area of slag increases from 375 to 558 m2/kg. Obviously, with the increase of phosphogypsum content from 10% to 70%, the standard consistency increases from 30% to 43%.
Because of the quick setting of hemihydrate phosphogypsum, the setting times of ternary systems with G1 and G2 are very short. However, the setting time of pastes with anhydrous phosphogypsum is very long. And the initial and final setting times are very close. It should be focused that with the increase of anhydrous phosphogypsum, the setting time decreases first and then increases. This is because that the slag in the system is mainly stimulated by the gypsum. When the content of gypsum is lack of 30%, the gypsum used for activating the slag is inadequate, leading to the decrease of setting time. When the gypsum is more than 30%, the setting time of anhydrous phosphogypsum plays an important role in the system setting, therefore, making the setting time of the ternary system increase with the increase of gypsum content. Obviously, the finer the slag is, the stronger the activity is. Therefore, the increase of fineness of slag can reduce the setting time.
As for the soundness of the ternary system, except for the seventh group, the others are qualified. But because one of the hydration products of the ternary system is ettringite, the boiling method may be not applicable. 
Flexural and Compressive Strength of Mortar
The fluidity, density of fresh mortar and compressive strength of mortar prepared with ternary system are listed in Table 6 . It can be seen from Table 6 that the fluidity of mortar prepared with ternary systems is lower than that of Portland cement mortar. The treatment of phosphogypsum by calcination at 165°C is the best for the strength development. This is attributed to that excessive alkali is not good for strength improvement. Calcination of phosphogypsum can effectively reduce the setting time, but the compressive strength decreases. Obviously, with the decrease of specific surface area, the strength will decrease. When the gypsum increases to 40%, the strength reaches to the highest. 
Water Absorption And Softening Coefficient
The water absorption of mortar at 3d and 28d is shown in Fig.1 . It can be seen from Fig.1 that although the compressive strength of mortar prepared with the phosphogypsum calcinated at 165°C is the highest, but the water absorption also is higher than that calcinated at 500°C. In addition, with the increase of phosphogypsum increase, the water absorption also increases. The softening coefficient of mortar is listed in Table 8 . It can be seen from Table  8 that the compressive strength softening coefficient of mortar is larger than 1.00 at 3d. That means the compressive strength of mortar will increase after immersed in water. At 28d, the compressive strength softening coefficient of mortar prepared with anhydrous phosphogypsum of 10-30% is higher than 1.00. That means curing with water is better for their strength development. When the content of phosphogypsum increased to 70%, the compressive strength softening coefficient will reduce to 0.84. It indicates that gypsum based cementing material is not resistant to water. 
CONCLUSIONS
This study investigated the effect of treatment methods content of phosphogypsum and fineness of slag on the properties of supersulphated cement. The conclusions derived from this study can be summarized as follows:
Phosphogypsum can be used to prepare the supersulphated cement. Phosphogypsum treated with 500°C will reduce the water absorption and softening coefficient,but the compressive strength is lower than other two treatment methods. The best addition of anhydrous phosphogypsum is 10-30% in the ternary system Portland cement-Slag-Phosphogypsum. Although the compressive strength of the ternary binder is lower than that of Portland cement, but it can be used to produce non load-bearing materials such as bricks.
